The partial thin plate smoothing splines method was applied to evaluate spatiotemporal trends of 
INTRODUCTION
Global climate change leads to changes of precipitation patterns, and precipitation is an important aspect of the study of climate change (Chen et al. ) . The change of precipitation is closely related to ecological environment security (Ding et al. ) , and it has a profound impact on water resources, agriculture and ecological systems (Ju et al. ; Yao et al. ) . The Yellow River, located in the northern part of China, is an important source of water in North and Northwest China (Zhao et al. ) . The Yellow River basin is an important grain production area, but water is scarce in this region. It contains 15% of China's cultivated land and 12% of China's population, reliant on 2% of runoff in China (Wang et al. ; Yan et al. ) . So the basin's serious water shortage affects the development of industrial and agricultural production and urbanization.
Precipitation in the Yellow River basin is the fundamental source of water resources. Due to effects of atmospheric and monsoon circulations, precipitation varies significantly between various regions of the basin (Li et al. ) . The seasonal distribution of precipitation is extremely uneven in the Yellow River basin due to changes of monsoon circulation intensity. The specific pattern of dry winter, drought-affected spring, rainy summer and rainy autumn has important effects on the agricultural production of the basin (Xu & Zhang ; Zhao et al. ) . Based on observations of rainfalls over the last 50 years, the annual precipitation in the Yellow River basin shows a downward trend (Xu & Zhang ) . The change of the extreme precipitation index is not obvious, but there are temporal and spatial differences 
MATERIAL AND METHODS

Study area
The Yellow River is the second longest river in China, and is The precipitation over 6-10 months accounts for 65-85% of the annual precipitation, and the maximum rainstorm mainly occurs in 7-8 months.
Methodology
The partial thin plate smoothing splines method is an 
where each x i is a d-dimensional vector of spline independent variables, f is an unknown smooth function of x i , each The function f and the coefficient vector b are determined by minimizing
where J m (f) is a measure of the complexity of f, the 'roughness penalty' defined in terms of an integral of mth order partial derivatives of f, and ρ is a positive number called the smoothing parameter. As ρ approaches zero, the fitted function approaches an exact interpolant. As ρ approaches infinity, the function f approaches a least squares polynomial, with order depending on the order m of the roughness penalty.
The value of the smoothing parameter is normally determined by minimizing a measure of predictive error of the fitted surface given by generalized cross validation.
RESULTS AND DISCUSSION
Spatiotemporal characteristics and statistical analysis of annual precipitation In summary, the water resources system is very sensitive to climate change in the arid and semi-arid area of the Yellow River basin, and the precipitation in the Yellow River basin has changed significantly in recent decades. In the 1990s, the precipitation in the Yellow River basin decreased significantly, and then increased slightly in the 21st century.
Spatiotemporal characteristics and statistical analysis of monthly precipitation On the whole, precipitation is generally higher in the south than in the north. The multi-year average monthly precipitation in each province is mainly distributed over 7-9 months. The precipitation from July to September in Shandong and Henan provinces accounted for 65.8%
and 62.2% of annual precipitation, respectively. The highest monthly average precipitation occurred in July in all provinces, except for Ningxia, which had its highest rainfall in August. The changing trends of multi-year average monthly precipitation in each province are basically the same as the trends for multi-year average monthly minimum and maximum precipitation.
